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ABST RACT

~ This report describes the development by Radiation of X-band solid-state fre-

) quency converters as part of a transportable term inal for use with the military DSCS-H corn-

munkattons sate llite. This equipment was developed under contract with the U.S. Army

Satellite Communications Agency.

The converters are fully se lf-contained in two 3—1/2 inch rack-mounting drawers.
They provide the capability for trans lating a signal anywhere in the 7.25-7.75 GHz receive

band down to 70 MHz and, sim ilarly, of trans lating a 70 MHz signal up to the 7.9-8.4 GHz

transmit bond.

Hybrid microwa ve integrated circuit (HMIC) techniques were employed extensively
in the terminal converters to aid in minimizing size and weight and in enhoncing reproducibility.

The actua l construction isa blend of microstri p and stripline distributed circuits and miniatur-

ized lumped—element circuits . ~

Key parameters of the solid-state terminal converters are as listed below.

Oownconverter

Type: Double-conversion, with 700 MHz IF

Noise Figure : 15 dB

Input Frequency Range: 7.25-7.75 GHz

Tuning: Direct frequency select ion with front panel

thumbwheel sw Uches whkh control an interna l

frequency synthesizer for 500 kHz tuning steps

at X-band.

Output Frequency : 70 MHz

Gain: 35 dB

Size: 3-1/2 inches high x 19 inches deep, 19 inch

rack mount ing
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Upconverter

I Type : Double-conversion, with 700 MHz IF

Output Frequr icy Range : 7.9— 8.4 GHz

Tuning: Same as, but independent of, downconverter

t Input Frequency : 70 MHz

Gain : - 10 dB

Size: 3—1/2 inches high x 19 inches deep, 19 inch

rack mounting

It is projected that production costs of the solid—state terminal downconverter

and upconverter would be approximately $10,000 apiece.
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1.0 INTRODUCTION

T he work described in this report was performed under Contract DAABO7-72-C-0097

for the United States Army Sate llite Communications Agency (USASA TCOMA), Fort Monmouth,

New Jersey , during the period from December 1971 through June 1973, by Radiation, a division

of Horris-Intertype Corporation, Melbourne, F lorida . Additional work was done subsequently

under Radiation interna l funding.

The goal of this contract was to determine the extent to which hybrid microwave

integrated circuit techno logy, or extensions thereof , could be applied to an X—band satellite

communications termina l. The development of a multi ple-aperture terminal , uti lizing a GFE

antenna , was planned by USASATCOMA to provide the baseline development goals. The desi gn

priorities that were established in the USASATCOMA Technical Guidelines were , in decreasing

order of importance:

a . Up- and Down-Converters

b. Synthesizers

c. Transmit and Receive RF Components

d. IF Beam Forming (Aperture Combining)

The deve lopment plan was evolved by budgeting the terminal performance goa ls

among the various subsystems; this initial step was necessary in order to provide compatible

interfaces that would result in overal l acceptable termina l performance.

The main body of this report , contained in Section 2.0, describes the development

work which was accomp lished to reach the technica l goa ls. Basic design trade—offsand decisions

that were made, the design approach for each module, and a description of the final design ore - •

discussed . Section 3.0 then describes the results of measurements made on the system . Inc luded
in Section 4.0 is a disc ussion of the applicabi lity of the HMIC technology deve loped on this
program to future low—c ost transportable terminals.

Additiona l tests , not a part of the contract for which this report is prepared, are

being performed by Radiation to determine bit error rate performance with the converters inter-
faced with P5K modems . The results of these tests will be reported in a supplement to this report .

1—2
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2.0 DEVELOPMENTAL APPROACH

The development program established by this contract was set up to utilize thin—

film microwave circuit technology , wherever app lica ble , for a military communications system

• using the DSCS—II satellite.

A number of advantages should be realizable with a terminal using thin—film

technology . Without having to accept any significant comprom ise in communications perfor-

mance , one would expect to be able to provide a terminal of small size , light we ight, low

power consumption and low life cycle cost .

• On this basis, a base line termina l system was configured, and the required sub—

system elements were identified . This baseline termina l sys tem was designed to utilize the

features of the GFE antenna structure shown in Figure 2 .0— 1.

The antenna is a  four—aperture low-profile unit . Fi gure 2.0—2 shows the rear of

the antenna w ith a transmit—receive module on each of the four apertures . The avai lable power

radiated from this antenna is the sum of the power available at each of the four apertures . A

similar addition of the received signal is available for the four receivers . This ability to

aperture-combine the signals is provided at the IF in this system .

The aperture combining is shown in the RF unit block diagram, Fi gure 2.0— 3 ,

• to be accomp lished at the 700 MHz IF. A detailed set of per formance parameters were budgeted

to each of the subsystem elements , and the detailed design and development of the elements was

mplemented .

Fairl y earl y in the program, the first DSCS— Ilsate l l i tes were found to have

stab ility problems that rendered the high—gain , narrow—coverage antennas unusable. This

necess itated the use of the earth-coverage antennas only, w ith a resulting loss of about 16 dB

in antenna gain .

The reduction of 16dB in the system link marg in caused by the temporary non—

availability of the satellite high—ga in antenna stimulated a program redirection and a modifica-

t ion of the baseline system .
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The initial baseline sys tem was designed to ut i l ize the hi g h-gain antenna of the
sate llite . However , the earth—coverage antenna could be used if the link gains and margins
were to be revised .

Using a sing le-aperture parabolic dish , an antenna gain of 45 dB is available ,
which provides the link with 13 dB more gain than is avai lable with the four—aperture phased
array unit. Additional transmitter output can also be provided by adding a power amp lifier .
Thus, a sing le—aperture confi guration can easily more than compensate for the 16 dB loss

incurred by having to use the satellite earth—coverage antennas .

A program redirection was established to maximize the developmenta l benefits

already accrued on this program . A sing le—a perture system was configured for eva luation of
the developed hardware, as shown in Figure 2 .0—4 .

The program redirection included the packaging of the up— and down—converter
functions in rack—mounted drawers . These 3—1/2 inch drawers were to be totally self—sufficient
and operate from the AC line. Figure 2.0—5 shows these converter drawers . Tables 2.0-1 and
2.0—2 summarize their performance.

A lso as a part of the program redirection, a complete low-Capacity terminal was

put together and demonstrated. 
1 The receiver—transmitt er elements included (see Figure 2.0 4)

o low—noise amplifier, a so lid-state driver and a solid-state power amp lifier, as we ll as the up-
• and downconverter and associated se if-contained local oscillators. The low-noise amplifier and

driver were supplied by Radiation under this contract , and the power amplifier was loaned by
USASATCOMA .

The low—noise amplifier is a tunnel diode amplifier purchased from International

Microwave Corporation, Model ACP-7500—30. Its characteristics are listed in Table 2.0—3
below.

t
The follow ing paragraphs outline the detailed development of the subsystem

elements of the down-converter and up-converter .

1G. P. Petrick and C. M. Abrahomson, “Economic Considerations for Low Capacity SHF
Sate llite Communications Earth Tem,inols,” to be presented at AIAA 5th Communications
Satellite Systems Conference, April 1974.

2-6
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Table 2.0-1. Downconverfer Performance

Parameter Capabilities

Input Frequency: 7250 to 7750 MHz

Input Impedance: 50 ohms

Noise Figure: 15.0 dB

Maximum Signal Input Level: —40 dBm

First 10 Frequency : 6550 to 7050 MHz

Firs t IF Frequency: 700 MHz

Second 10 Frequency: 630 MHz

Output Frequency : 70 MHz

Output Impedance: 50 ohms

Output Port VSWR : 1 .40:1

Amplitude Ripp le: ±0.5 dB over 40 MHz

Group Delay: *2.5 ns over 40 MHz

Output Signal Level: —5 dBm
• Gain: 35 dB

2-9
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Table 2.0-2. Upconverter Performance

Parameter Capabilities

Input Frequency : 70 MHz

Input Impedance: 50 ohms

Input VSWR: 1.10:1

Input Power, Nominal: 0 dBm

Ffrst LO Frequency: 630 MHz

First IF Frequency : 700 MHz

• Second 10 Frequency: 7200 to 7700 MHz

Output Frequency : 7900 to 8400 MHz

Output Impedance: 50 ohms

Output VSWR : 1.50:1

Amplitude Ripp le: ±0.50 dB over 40 MHz

Group Delay : ±3.0 ns over 40 MHz

Output Power: -10 dBm

Gain -10dB

• Table 2.0-3. Low—Noise Amplifier Characteristics

• Frequency Range: 7.25-7.75 GHz

Bandwidth: 500 MHz minimum

Noise Figure: 4 .7 dB maximum, measured wit h hot/cold Iood

Gain: 30 dB minimum

Input Compression, 1 dB: -54 dBm minimum

.
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The driver amplifier is an lmpatt diode amplifier, Hughes Model 466 15H . Its

characteristics ore listed in Table 2.0—4 below.
I

Table 2.0—4 . Driver Amplifier characteristics

Frequency Range: 7.9-8 .4 GHz

Power Output: 0.75 W Maximum, 0.5 W nominal

Gain: 40 dB

Gain Flatness: -0, +1 dB

Gain Variation over
Temperature: ±1 dB

Power Variation over
Temperature: —0, +1 dB

• 0Operating Temperature: 0 to +52 C

Phase Deviation from Linear: 5°/40 MHz

10°/125 MHz

The power amplifier is also an Impaft diode amplifier , developed by Raytheon . It
has an output capability of 5 watts .

Using this power amplifier as the transmitter output e lement, feeding the 45—ciB—
gain single—aperture dish, g ives a 4 dB increase in transmitted power as compared wi th four
aperture—combined 0.5 W outputs . This, along with the 13 dB increase in antenna gain, more
than makes up for the 16 dB loss in satellite antenna gain incurred by having to use the earth—
coverage antenna .

2—11 
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2 , 1 Combiner Module

The combiner module contains two separate and independent functions, one for

receiving and one for transmitting . The receive function is a downconverte r which accepts

ei ther one or four * 700 MHz low—level IF inputs and provides high-level outputs at 700 MHz

and 70 MHz. The transmit function performs the inverse operation. It accep ts an input at

ei ther 70 or 700 MHz and provides four separate 700 MHz outputs.

A block diagram with performance budgets of the downconverter is shown in

Figure 2. 1— 1. The 700 MHz IF signal from the X—bond downconverte r passes through a 4—way

combiner to a PIN diode switch . The switch selects either the output of the 4—way combiner or

a single—aperture input . The signal is then divided two ways to drive the 40 and 125 MHz band-

width channels. The 125 MHz channel consists of three wideband 700 MHz amplifiers and a

bandpass fi lte r . The 40 MHz channel consists of a 700 MHz wideband amplifier and bandpass

fi lter which feed a double-balanced mixer. The translation frequency of 630 MHz is supplied to

the mixer from the fixed—frequency multiplier module. The 70 MHz output of the mixer passes

through a Iowpas s filter, two wideband amplifiers and a second lowpass filte r. The 70 MHz

signal frorn, the downconverter is passed to on external modem.

The upconverter block diagram and expected performance are shown in

Figure 2.1—2. The upconverter accepts either a wideband 700 MHz IF si gna l or a narrowband

70 MHz IF signal. T he wideband input passes through a bandpass fi lter to one port of a 2—way
• combiner. The narrowband input feeds a double—balanced mixer whose 630 MHz translation

frequency from the fixed—frequency multiplier module is filtered with a highpass filter . The

700 MHz output of the mixer then passes through a bandpass fi lter and highpass fi lter to the other

input port of the 2-way combiner . The combiner output is then amp lified by four widebond 700

MHz amplifiers and divided into four coherent outputs to feed X—bond converters.

The indiv idual circuits ore described in the fol lowing paragraphs.

*The four—input provision at 700 MHz (and the transmit four—output provision) result from the
original multi ple—aperture requirement, w hich was subsequently de leted.

2— 12
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2. 1. 1 Downconverter

2. 1. 1 . 1 Downconverter 4-Way Combiner/2-Way Divider

The 4-way combiner/2.-way divider se lects either four coherent 700 MHz input
signals or one sing le—aperture input signal to drive two combiner downconverte r channel simul-
taneous ly. Figure 2 .1— 3 shows the basic requirement of the combiner/divider module.

A Wi lkinson—type divider was chosen for the combining and dividing funct ions

because of its sma ll size and weight, good iso lation between ports, and low cos t. It also lends
itse lf readily to microstrip design.

Figure 2.1—4 is a sc hematic diagram of the combiner/divider module. The com-
biner section consists of a pair of binary combiners driving a third binary combiner . A pair of

series—connected PIN diodes functions as a SPDT RF switch to allow selection of either the
single—a perture input or the combiner output to drive the divider . A binary Wilkinson circuit
is also employed as the divider .

The re~iIting performance is as fol lows:

Insertion Loss:

Single—aperture input to each of two outputs: 4 .3 dB maximum

Each of four input ports to each of two output ports : 11 .5 dB maximum

VSWR , All Ports: 1 .5 maximum

Isolation Between Ports:

Single—apertu re input to multiple—a perture input: 36 dB

Multiple—aperture inpu t to single—aperture input: 26 dB

Multiple—aperture input to multiple—aperture input: 18 dB minimum

Output to output: 18 dB
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Figure 2.1-3. Combiner/Divider Module Block Diagram
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2.1.1.2 Wideband Amplifiers

In order to obtain the proper drive levels at the output of the combiner down-

converter, it is necessary to provide gain within the converter . Wideband amp lifiers are used

to maintain a f lat group de lay through the converter .

• Amplifiers are placed in the following locations to obtain the proper gain

distribution.

1. Outputs of the 2-way divider (700 MHz)

2. Output of the wideband interdig ita l filter (700 MHz)

3. Output of the local oscillator reject fi lter (70 MHz)

Avante k was chosen to supp ly a ll amp lifiers in their UTO-series for the follow ing

reasons:

1. Bandwidths of several octaves

2. Thin—film construction

3. Small size

Referring to the block diagram of Figure 2.1- 1, it wi ll be seen that several diffe r-

ent types of UTO—series amplifiers are emp loyed . Eac h type was selected for the optimum

• combination of gain, dynamic range, noise figure and frequency cove rage for its app lication.

2. 1. 1 .3 Widebond (125 MHz) and Narrowband (40 MHz) 700 MHz Bandposs Filters

Fi ltering at the 700 MHz IF is required to reject undesired signa ls outside the

information bandwidth before further signa l processing . The information bandwidth was specified

to be 125 MHz for the 700 MHz downconverter output and 40 MHz for the 70 MHz output. As

we ll as rejecting out—of—bond signa ls , however, this filtering must also be virtually “transparent ”

— that is, have flat amplitude and delay response — over the information bandwidth. Thus,

two filters ore required, for the two information bandwidths, each of which is critical both in

terms of in—band characteristics (amp litude and phase) and out—of—band rejection.
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• The designs of these two filters were among the most technicall y challenging
aspects of this program. Hence, they are treated in cons iderable detail in the fol low ing parc-

graphs. Several computer-aided analysis iterations went into the selections of the final designs
of both filters in an effort to arrive at the optimum compromise among the various performance
characteristics and physica l size .

The wideband filte r design fina lly se lected is a 1O—pole Butterwor th (zero ripp le)
• fi lte r with a bandwidth of 250 MHz (35 percent).

A 10-pole design was also se lected for the norrowbond filter , but with 0.1-dB
ripp le and a bandwidth of 126 MHz (18 percent).

For best compatibility with the converter design, a stri pline interd g ita l design

was se lected for both filters .

The stripline fi lters were designed for 0. 125 inch duroid material with a dielectric

constant of 2.35 . The filters were calculated from the capacitance matrix for those particular
fi lter parameters . T hese capacitance values were then normalized for duroid material , and the
spacing between elements determined with design curves. The wid th of each element was then
determined. The lengthsof the elements are 0.25 wavelength adji~ted for duroid material , and

both fi lters were calculated in the same manner .

For examp le, the wideband filter was designed as follows:

f0 700 MHz

BW = 250 MHz (35 percent)

a Ripp le = 0.0 dB

2— 19
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Capacitance Matrix:

Normalized Normalized
K C(K,K+1) K C(K)

1 & 9 2.79602146 1 & 10 3.99469662

2 & 8 1 .02351284 2 & 9 1.68448544

3 & 7 0.73060465 3 & 8 2.72461128

4&6 0.61819220 4&7 2.98018932

5 0.58721030 5 & 6 3.07984447

E = 2 .35

1? 1.533 (for normalization in duroid)

• Normalized Capacitance:

Capacity

Duroid (Spacing)
K 4C/e S/b C’fe/~ K LIC/E

1 & 9 1 .732 .055 .053 1 & 10 2.480

2&8 .635 .255 .210 2&9 1.045

3 & 7 .4535 .360 .270 3 & 8 1.767

4&6 .383 .410 .295 4 & 7  1.852

5 .374 .415 .300 5&6 1.911

Spacings between elements become:

S(1 & 9) = .01376

S(2&8) = .0638
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S(3&7) = .0901

• I • 5(4&6) = .1025

S(5) = .1037

Widths of elements are calculated by:

Wk/b I/2(1—t/b) [‘l/2(C’ (K)/E ) - C’fe( K l ,K)/ E - C’fe(K+1~~K)/E]

W0 = 0.08986

• W1 = 0.03207
I 

W2 = 0.05049

W3 = 0.04462

W4 = 0.04456

Figures 2.1—5 and 2.1-6 show the layouts of the widebond and narrowband

filters, respectively.

Initial test results indicated that the response was centered too high in frequency

in both filters . Each element was lengthened by 0.105 inch . Figures 2.1—7 and 2.1-8 show

the wideband filter ampl itude response and phase deviation from linear after modification.

N Figures 2.1-9 and 2.1—10 show the narrowband filter amplitude response and deviation from

L linear phase.

2.1.1.4 Double—Balanced Mixer

In order to convert the 700 MHz input of the converter to a 70 MHz signal

required by the demodulator , it is necessary to mix the 700 MHz signal with a local oscillator of

630 MHz. A double—balanced mixer is used because of its relative insensitivity to local

oscillator power variations.

The mixer consists of purchased parts kit assembled on on alumina substrate. The

kit consists of two transformers and a matched star diode quad, and was purchased from Mini—

Circuits Laboratories. The schematic diagram in Figure 2. 1—1 1 depicts the mixer as it is used
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Figure 2 .1-5. Wideband Filter
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Figure 2.1—6. Narrowband Filter
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Fi gure 2.1-9. Narrowband Filter Amplitude Response
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Fi gure 2.1-11. Double Balanced Mixer
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in the converter. Attenua tor pads of 3 dB were placed at each port for improved isolation and

VSWR . The mixer was tested for the following parameters and results:

1. Conversion Loss: 12 dB nominal

2. RF to IF Isolation: 25 dB nominal

3. LO to RF Isolation: 40 dB nominal

2.1.1.5 Local Oscillator Reject Filter

The local oscillator signal leakage is nominally 10 dB below the 70 MHz signal

at the IF output port of the mixer . It is necessary to greatly attenuate this 630 MHz leakage

wi thout disturbing the 40 MHz information band around 70 MHz.

It was decided to place a lowpass fi lter in the 70 MHz signal path. The design

selected is a 4—pole , 0.5—dB ripp le filter with a bandwidth of 150 MHz. A lumped—constant

configuration was used. Figures 2.1—12 and 2.1—13 show the amplitude and phase response of

the filter .

2.1.1.6 Harmonic Reject Filte r

The 70 MHz amp lifiers produce harmonics of measurable levels out to the fifth

harmonic. It is necessary to filter these frequencies without disturbing the information band

around 70 MHz. B

The close proximity of the second and third harmonic Frequencies to the information

band makes a standard “al l— pole ” filter design unrealistic. The number of poles that would be

required is unacceptable to achieve the attenuation rolloff required . Therefore, a 7—pole

el l i ptic function fi l ter was chosen to achieve the necessary rolloff of the fi lter.

The fi lter was originally designed for a break frequency of 100 MHz. Although

the amplitude flatness was ±0. 15 dB, the phase deviated from linear by more than 18°

over the information bond. To obtain on adequate phase response from such a filter , it was

necessary to move the break frequency to 180 MHz.

2-29

p
I



r

I _________ _________ _________ _________ _________ _________

I

• 

_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-- --

~~~~~~~~~~~~~~

- -

~~~~~~

-

~~~~~~ 4

I 

_ _ _  _ _ __ _  

I
• 0

• _J -.

B. (‘-1

C.,
• a)

U-

I , 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

C.) 2 0

(8P) SSO1
NOI1~I3SNI

2—30

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~ 

‘

-~~~~~~~ ~~~~~ • 
•±• ___ _ • ~~~~~~~~~~~~~~~~~~~~~



•-,-•‘•-——--——• ,_.•u~~ - • • •  •— ------ —-——•

• 

—
•-.

-_~

_ _
~~L~~~~~~

_ •~
II 

0~~~~~— ~~~ u I — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N~ ~~
*~— — 41

\ >-
• 

~~~~~~~~~~~~~~~~~~~~~~~~ \

z~~~5 >Z  -, u.i0w —.---.- 0 0
• — ~~~~j Ø~~L)

0

_
_ _  

-T
~~~

---.
~

( I  
~IV3 Nt1 W0~~H

N0Ii~~IA~G ~S VI-1d

2-31

p

I

i. ~~~~~~~ 
•-• -• ••. • • • -

~
..

~~~~
.• - - •_ .



The fi lter was designed using elliptic function fi lter tables for a 7—pole , 0.25 dB
• ripp le, and 68° modular angle filter .

Wi th a break frequency of 180 MHz, phase deviation was less than ~1.0°

and amplitude varied less than ±0.25 dB over the information bandwidth. The second harmonic
was, of course , not attenuated. Figures 2.1—14 and 2.1-15 show the amplitude and phase

responses of the filter .
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2.1 .2 Upconverter

2. 1 .2.1 W debond and Narrowband 700 MHz Filters

In the upconverter as in the downconverter , it is necessary to band—limit the

700 MHz intermediate frequency signal to eliminate undesired signals generated in the modulator
and 70/700 MHz mi xer.

Because of similar requirements demanded of the two Filters , the upconverter filters
are identical to those used in the downconverter . Figures 2. 1—1 6 and 2. 1—17 show the amp litude

• response of the w deband and narrowband filters , respect ively.

2.1 .2.2 Double—Balanced Mixer

To upconvert the 70 MHz modulator signal to 700 MHz, it is necessary to employ

the use of a mixer and a local oscillator signa l whose frequency is 630 MHz.

The mixer design is identical to that in the downconverter (Paragraph 2. 1.1.4).

The 70 MHz is injected into the IF port , 630 MHz into the LO port , and 700 MHz taken from

the RF port . Data taken for the mixer in this configuration ore shown below:

Conversion Loss: 14dB

LO to RF Isolation: 35 dB

RF to IF Isolation: 30 dB

IF to LO Isolation: 22 dB

These measurements include the 3—dB attenuators placed at each port.

2.1 .2.3 IF Rej ect Filter

It was determined that it is possible to inject a signal at 70 MHz into the upcon—

verter and, through a leakage path, receive the same 70 MHz s gnal at the output of the down—

converter w ith the converter inputs disconnected. The leakage path is shown in Figure 2 .1—18.
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F gure 2.1-18. Upconverter/Downconverier 70 MHz Leakage Path
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I
Figure 2. 1-18 shows that there is only 54 dB of isolation between the 70 MHz line

in the upconverter and the 70 MHz line in the downconverter . A 630 MHz highpass filter is

required to give a total of at least 100 dB of isolation between converters at 70 MHz .

It was determined from Filter attenuation curves that a 3—pole highpass filter with

o break frequency of 575 MHz would give 60 dB rejection at 70 MHz.

The actual measured performance of the filter is shown in Figike 2.1—19.

2. 1 .2. 4 Local Oscillator Rej ect Filter

The local oscillator leakage through the 70/700 MHz mixer is at a power level of

• —27 dBm at the mixer output . Attenuation of the 630 MHz is partially accomp lished by the

norrowband fi lter but , because of the close proxi mity of 630 MHz to the lower 3—dB point of the

filter , only 20 dB of filtering is accomp lished . It is necessary to provide an additional filter

to Further attenuate the local oscillator signal.

Since the local oscillator signal is so close to the lower edge of the information

band, the standard highpass all—pole Filter cannot be considered. A 7—pole elliptic function

• filter with a modular angle of 780 was chosen because of its “skirt ” response. A modular angle
0 .  .of 78 gives a re~ectlon of 27 dB to 630 MHz with a break frequency of 670 MHz .

Test resu lts -of the Filter indicated that rejection of 630 MHz was less than antici—

• pated . After further tests , it was determined that the highest frequency resonant trap had

insufficient Q due to the physical construction of the inductors. Improved per formance was

obtained by reducing the resonant frequency of that trap to coincide with that of the next

lower resonance pole. •

Figure 2. 1—20 shows the amplitude response of the modified filter .

2. 1 .2.5 Two—Wa y Combiner

It is necessary to combine the wideband 125 MHz channel and the narrowband

40 MHz channel so that a single chain of IF amp lifiers may be used.
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The combiner is a W ilkinson desi gn and Fabricated in t he same manner as the two—
way combiner portion of the Four—way combiner/two—way divider in the downconverter

(Paragraph 2. 1 .1.1).

2.1.2.6 700 MHz Wideband Amplifiers

In order to achieve sufFicient output power from the combiner to drive the 700 MHz/
X—bond upconverter , gain must be added to the converter . As in the downconverter , t he upcon—
verter must employ the use of wideband amplifiers so as not to disturb the phase l inearity in the
information bandwidth .

For the same reasons cited previousl y in the downconverter , Paragraph 2. 1 . 1 .2 ,

Avantek amplifiers in the UTO—1 000 series are emp loyed. Calculations indicate that 50 dB of

gain is necessary to obtain the proper output power From the module. A Four-stage amplifier

chain is used utilizing two lOOl ’ s, 01002, and a 1003, in that order.

2.1 .2. 7 Four—Way Divider

It had been planned originall y to use a phased-array antenna requiring four 700

MHz/X—band upconverters. This configurat ion required the combiner upconverter to have Four

coherent outputs. Since the amp lifier chain in the combiner had only one output , it became

necessary to emp loy the use of a Four—way power divider at its output .

The power divider is a Wilkins on device designed in the same manner as the four—

way combiner portion of the four—way combiner/ two—way divider described in Paragrap h 2.1.1.1 .
It consists of three two—way combiners , eac h consist ing of quarter—wavelength lines of 70.7 ohms

characteristic impedance on an alumina substrate .

2.1.3 Combiner Upconverter and Downconverter Test Results

The Following paragrap hs represent the performance budgets and test results for

the combiner up— and down—converters . All tests were conducted at laboratory ambient temper-
ature and at —25°F and +125°F. Since the converter performance is similar at the temperature

extremities as R is at ~75°F, only the ambient data are presented except for amp litude and
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phase response. The tests were conducted for both the narrowband (40 MHz) 70 MHz channel
and the wideband (125 MHz) 700 MHz channel .

I
2.1 .3.1 Downconverter

T he tabulated budgets and the corresponding test results for the narrowband and
wicieband channels are shown in Table 2. 1—1 . The fine-grained performance and the performance
versus temperature are shown on the referenced Figures.

2.1.3.2 Upconverter

The tabulated budgets and the corresponding test results for the norrowbond and
wideband channels are shown in Table 2. 1—2. The fine—grained performance and the perform-
ance versus temperature are shown on the referenced figures .

I
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2.2 Fixed—Freq uency Multiplier Module

Both the 700/70 MHz downconversion and the 70/700 MHz upconversioi utilize

a 630 MHz local oscillator . The 630 MHz local oscillator is derived in the FFM (fixed-

frequency multi pher) module by X 126 multi plication of the 5 MHz standard frequency. This

module accep t-s a 5 MHz input at -10 dBm and delivers three isolated 630 Mhz outputs at +10

dBm each . One output goes to the 700/70 MHz downconverter, the second goes to the 70/700

MHz upconverter and the third is terminated . (In the original system configuration, the third

output was used in a second 700/70 MHz downconverter channel.) The output levels of the

FFM are required to be stable over the operating temperature range - Al l  spurious out-Duts mus.

be down at least 60 dB .

Fi gure 2 .2 is a block diagram of the FFM module - Referri ng to this dagram,

the 5 MHz inpu t signa l is multi plied by 18, to 90 MHz, in the firs t card assembl y by X6 and

X3 active multi pliers . A vo l tage-starved buffer stage is used at the input of this module a s a

limiter to prevent the highl y nonlinear multi plier stages from being subjected to variations in

input si gnal leve l - Extensive interstage fi ltering is used to eliminate close—in harmonics of

the 5 MHz input signa l

The 90MHz out put of the X 18 card is used to drive a X7 active multi plier to

produce 630 MHz. A 3-dB pad is placed on the input of the multi plier to ensure interstag e

• st-abili ty . A Hewlett— Packard 35821E transistor is used as the active device for the X7 multi plier -

• A four-pole Butterwor th bandpass fi l ter is used to select the 630 MHz spectra i line from the

output of the multi plier . Another HP35821E transistor is used as a 630 MHz amplifier -a scale

the fi l tered signal to the proper level - Using vendor—supp lied S—parameters, a computer

ana l ys is was performed to generate an unconditionall y sta ble amplifier with a sma ll—s ~~naI ga in

of 19dB. A five—pole , 0.5 dB Chebyshev Iowpa ss fi lter is used on the output of the 630 MHz

amp lifier to reject any harmonics genera ted by the amp lifier .

Temperature compensation of the 30 MHz, 90 MHz and 630 Mhz buffer stages

was required to stabilize the multi plier output level over the temperature range . This compensa—

tion takes the form of a silicon diode in each base bias network to compensate for the ~rons istor ’s-

V~~ variation w ith temperature. The resulting FFM power output versus temperature k tabu-

lot-ed below .
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Temperature (°C) r
out (d&n)

-50 +10.70
—25

+25

+50 +10.20

+60 + 9.70

A ll spurious and harmonic outputs were measured to be greater than 70 dB down
wi th respect to the desired 630 MHz output .

2 .3 X-Band/700 MHz Downconverter and 700 MHz/X-Band Upconverter

The transmit and the receive channels require frequency conversion from 700 MHz
to X-band and X-band to 700 MHz, respectivel y. Both converters ore designed in hybrid-micro-
integrated-circuit confi gurations to conserv e size and weight .

A block diagram of the X— band to 700 MHz downconverter is shown in Figure
2 .3— 1. The X—bcsnd input signal passes through two isolators to the RF port of the mixer . The
local oscillator signa l , at 700 MHz be low the incoming RF signal , passes through a S—pole
paral lel—line—coup led filter to the LO port of the mixer through an isolator . The 700 MHz IF
output of the mixer is then coup led to a 2-stage linear amp lifier wit h 30 dB gain - This output
IF signal, at a nominal leve l of -24 dBm , drives the input port of the combiner downcortverter .

The major internal subassemb lies of the downconverter consist of two S—4423
iso latoi- s , 54419 isolator , 1—415 bandpass fi l ter, SST 113 sing le balanced mixer and a 1—474—
JA IF amp lifier . The input signal is at a frequency between 7.25 and 7.75 GHz and the output
is 700 MHz.

A block diagram of the 700 MHz to X—band upconverter is shown in Figure 2.3—2 .
he 700 MHz input- si gnal from the combiner upconverte r at a level of +4 dBm , feeds the IF

input port of t he mixer - The local oscillator si gnal , at a frequency 700 MHz below the RF
output , passes through a 5—pole bandpass filter and an iso lator to the mixer . The RF out put at
the transmit freq uency is at a leve l 10 to 12 dB down from the input signal and passes through
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Figure 2.3-1. Block Diagram of X-Band/700 MHz Downconverter
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an isolator and iS-pole bandpass filter . The output signal i: at a level of -10 dBm and
drives the transmit power amp lifier -

The major internal subassemblies of the upconver ter consists of a local oscillator
bandpass fi lter (1—414), a l5—e lement paral lel—lin e—coup led ceramic bandpass filte r (551—154 ) ,
a single balanced mixer (SST—152), and local osc~Tiiator and RF isolators . The IF input- signa l

is 700 MHz and the X—band output- signal is between 7.9 and 8.4 GHz.

The individual circuits of the downconver~er and upconverter are discussed in the
fol lowing paragraphs.

2.3 .1 X-Bond/700 MHz Downcoriverter

2 3 . 1 .1 Mixor

A mixer is required in the downconverter to translate the incoming receive

frequency to a 700 MHz IF. The mixer mus t accep t any receive frequency from 7.25 to 7.75
GHz and an appropriate local osci llator in the 6 .55 to 7.05 GHz range, and provide an IF

output centered at 700 MHz wi th a flat bandwidth of 125 MHz .

A balanced mixer configuration was selected because of its inherent noise cancel-

lat ion charac teristics and its relative insensitivit y to local osci llator injection leve l -

A beam-lead hot-carrier diode manufactured by Hewlett-Packar d was selected

to be used in pairs in the mixer . This diode , the 5082—2709 , is partiall y characterized at

X—band , is well suited for microsfri p pac kaging , and is manufactured wit h highly repeata ble
processes that ensure close unit—to— unit uniformity.

In order to matc h the diode to 50 ohms at both RF and IF , a characteri zation of
the comp lex impedance of the diode was done . The nomina l local oscillator injection level
is * 10 dBm (10mW) . But , to allow for slig htl y less than nominal drive , the diode was charac—
ter ized at 5 and 7.5 mW as well  as 10 mW. The measurements were made at ~ local oscil lator
frequency of 6800 MHz , the middle of the band -

The diode RF impedance was found to be rather insensitive to LO drive level ,
Vary ing from 41 • j 8.75 ohms at- 10mW drive to 36.5 + j 0.5 ohms at 5mW drive . The value

- 
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at 7.5 mW drive , 37.75 + j 5.0 ohms, was token as nominal , and RF match ng circuits were

designed on that bas is.

Matching net-wor ks were designed by us ing a Radiation microwave optimization

program on a Univac 1108 computer to minimize the RI input VSWR over the 500 MHz RF

bandwidth and 125 MHz IF bandwidth . These net-works were fabricated in microstr ip or, a 99.~
percent a lumina substrate .

It - was also necessary to design a hybrid j unction . In a balanced mixer , some

sort of hybrid is required to properly combine the RF and 10 si gna ls and to provide isolation

between the RE and LO por ts . Three types of hybrids were considered:

a Symmetrical 90° hybrid

b. 180 rat-race hybrid

c .  3—branch , branch—line hybrid

Both a symmetrical 90° hybrid and a 180° rat—race hybrid were built and tested .

The rat—race hybrid was found to have better isolation , but the 90° hybrid design was se lecte d

because of its more suitable geometry .

Figure 2 .3—3 is a photograp h of the overall geometry of the fina l mixer , consid-

erabl y magni fied . The diodes are connected across the short blank spaces between transmission

lines at the top and bottom sides , midway across the length of the board . The RF input is at -

lower left , the 10 input at top left , and the IF output at the ri ght .

The t~ output matc h was ac tua ll y not op timized for either minimum conversion loss

or best noise match to the IF amp lifier followi ng i t .  Measurements made of the mixer conversion

loss at various RF and 10 frequencies gave figures of 7.5 to 8.0 dB . Inserting a triple—stub

tuner at the IF output and tuning for minimum conversion loss resulted in measured conversion

oss rang ing from 6.0 to 7.0 dB.

When the mixer was integrate d with the rest of the X-band/700 MHz downconverter ,

vera I noise figures of 16. 0 to 17.0 dB were measured . Inserting a triple—stu b tuner between

the mixer and the IF amp lifier and tuning for best noise match resulted in a noise figure of 15.5

•i B.
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2.3.1.2 Loca l Oscillator Filter

Because it is impera tive that undesired signals be prevented from reaching the

mixer , band—limiti ng is required in the local oscillator l ine . Any unwonted signa l that reaches

the mixer may produce intermodulation products which fall in the 700 MHz IF information
bandwidth .

The bondpass filter is a parallel—line—cou p led fi l ter in a .050 inch micros trip

configuration to conserve size and weight. From fi l ter attenuation charts, t was decided that
five elemen ts of fi l tering with 0.1 dB ripple was sufficient to rej ect all undesired signals to the

point where they would not degrade system operation . The bandwidth was chosen so that the
local osc illator frequency range oF 6550 MHz to 7050 MHz would be allowed to pass . Refer

to 2.13.1 for the detailed desi gn discussion .

The physical confi guration of the resulting fi l ter is shown in Fi gure 2.3—4.

2.3.1.3 Isolators

In order to provide the necessary isolation between the mixer input ports and their

source at a minimal insertion loss , isolator s are used in the RF and LO lines to assure a good

source VSWR at the RF port of the mixer and prevent the local oscillator si gna l from propagating

up the RF l ine . The cascaded isolators are placed at the RF port of the mixer . A sing le isolator

at the local oscill ator port assures a good source VSWR to the mixer and prevents the RF signal

from getting into the local oscillator chain .

It was initiall y planned that isolators of stri pli ne configuration be used in the

converter because of their generall y superior performance characteristics . Insertion loss is lower

and isolation higher than w ith most other isolator confi gurations . The difficulty that arises is that

of impedance matching the stri pline circulotor to 50-ohm microstri p lines . The planned solution

was to perturbote the characteristi c impedance of the microstr ip line to match the isolator to
50 ohms . Altho ugh the success of accomplishing this impedance matching would be highly
probable, the procedure is an iterative one and it is possible that the number of iterations could

be numerous .

• 
I
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For this reason , it was decided to itwest- igate an alrernat ive approach to solving

the problem . It was decided that microstr ip isolators whose ports were already matched to

50 ohms would perform the task required if their electrica l characteristics were acceptable .

Sonoma Engineering and Research Corporation was chosen as the vendor to supply

isolators for the converters with the following specified performance charac teristics:

1. Insertion Loss : 0.50 dB or less

2. Isolation : 20 dB or greater 
•

3. VSWR : 1 .25 to I or less

0 0
4. Temperature Range : —25 F to +125 F

The Sonoma Model S— 4-423 isolator s used in the RF line are specified for the frequency band from

7 .25 to 7 .75 GHz. Since two of these isolators are used in series in the downconverter , 40 dB

of isolation is provided .

The S—44 19 isolator has the same electrical characteristics as the S—4423 , except

the frequency specified is 6.55 to 7.05 GHz. There is one S—4419 located between local

osc illator bandpass filter (T-415) and X—band mixer (SST 113) .

The S—44 19 Serial Number 1 and 5—4423 Serial Numbers 1 and 4 series isolators

were mounted independently on a fixture and evaluated for insertion loss , isolation and VSWR

over their respective frequency ranges . Isolation and insertion loss were also measured on two

• S—4423 isolators connect-ed in series . The measured insertion loss , isolation and VSWR of the

5-4419 and the two S—4423’s met or exceeded the specified performance characteristics listed

above .

2.3.1.4 IF Amp lifier

In order to drive the 700 MHz to 70 MHz combiner downconverter at its proper

level , amp litude scaling in the X—band downconverter is required . The requirements of this

amp lifier are listed below:

I
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1 . 25 to 30 dB gain

2. Low noise figure

3. HM IC construction

The 25 to 30 dB gain raises the output power of the converter to a level which is the nomina l

input drive to the combiner . The HMIC construction affords continuity between the mixer and

the amplifier .

The amp lifier employed, the 1-474—lA , is a two—stage broadband amp lifier

assembled on an alumina substrate . The amplifier prov des 25 to 30 dB ga in at 700 MHz with

a 5 dB noise figure being typical. A frequency rolloff occurs near 700 MHz. This is com-

pensated for externall y to the X -band downconverter assembly. The amplifier is located between

the mixer IF por t- and the IF output connector on the assembly.

(

I
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2.3.2 700 MHz/ X- Bond Upconverter

2. 3.2 .1 Mixer

In order to frequency translate the 700 MHz IF signal from the combiner upconverter
to the X—band transmit frequency, a mixer is required in the upconverter . The mixer must accept

a 700 MHz signal and translate i t  to any frequency between 7.9 and 8.4 GHz by mixing with a
local oscillator si gna l 700 MHz below it in frequency.

The upconverter mixer was designed in accordance with the same philosophy and

procedures as the downconverter mixer , Paragraph 2 .3. 1.1.

Measurements of conversion loss over the operating frequency range and local

osc illator drive level range varied from 9.5 to 11.5 dB.

2 .3.2.2 Local Oscillator Fi l ter

Band limitin g is required in the local oscillator line to eliminate out-of—band

frequency components which might produce in—band spurious outputs due to the action of the

mixer.

The bandpass filter is identical to tha t- in the downconverter except that the

element lengths are shortened to accommodate operation across the local oscillator 500 MHz
bandwidth centered at 7.45 GI—lz. Refer to 2 .13.1 for the detailed design discussion .

2.3.2.3 Iso lators

To provide the necessary isolation for the mixer RF and 10 ports, isolators are
-

‘ 
used at those ports to provide a good load for the RF port of the mixer and prevent any re flected

s gno ls from propagating back to the mixer. An isolator is placed between the 15—pole bandpass

f i l ter and the RF mixer port. An isolator also is placed between the five—element bandpass filter

and i~~~ local oscillator input port of the mixer. This isolator provides a good source VSWR at

the mixer and prevents any signa l from getting from the mixer into the local oscillator chain.

Iso lators of the same type as used in the downconverter (Paragraph 2.3. 1 .3) are

also used in the upconverter. Sonoma Model S—454 3 is specified for the frequency range of
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7.9 to 8.4 GHz and Model 5—4423 is spec ified for the local oscillator frequencies of 7 .2 to

7.7 GHz . The performance specifications are identical to those discussed in Paragraph 2.3.1.3.

The S—4423 was tested and found to meet all of its specif ications . The S-454 3 was

0.1 dB high in insertion loss and 2 dB low in isolation, but it-s performance was judged to be

adequate for the app lication.

1~
2.3.2.4 15—Element RF Fi l ter

To prevent the transmit noise power , wh ich extends into the receive band, From

getting into the receiver, a fi l ter is required following the final upconversion and preced ing

the diplexer . Since the transmit band is so near the receive band, several elements of fi l tering

are required .

In the interest of conserving wei ght and space , a photographic all y—reproduced

f ilter network in an alumina thin-film construction was implemented in microstri p. Since a

microst- ri p type of construction leaves the filter elements exposed and readil y ava ilable and

also does not require a ceramic cover to be uniforml y bonded over the net-work , this construction

was se lected . Excessive stray fie ld radiation is prevented by a closed conducting surface

surround ing the f i l ter.

The basic desi gn philosop hy of this fi lter is presented in the following paragra phs.

This same philosop hy a lso app lies to other filters of similar construct - ion used in the converters .

The fi l ter design is start-ed with the determination of the number of poles required

in the fi l ter to provide the required filte r rejection response. Since the system has ti ght spec if i—

cot- ions on the amp litude flatness and phase l inearity, it follows that a low—r i pple prototype

w ith a very wide passband should be used .

It - is desirable to limit the classes of filter networks to be considered to those which

may be readil y manufactured using an alumina substrate . A paral lel—line—c ou pled filter type

has the advantage that no holes are required to be placed through the ceramic to allow ground-

ing of the resonator elements as is the case of an interdi gital type filter .

To prevent the problem that a higher—order mode of propagat ion may carry si gna l

around the filter , the cross—section of the box is selected as a woveguide below cutoff.
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Additional protect ion against multi-moding is provided by orienting t he resonator elements at an

angle in the container such that the axis of the quasi—TEM mode of propagat ion is oblique to the

plane of the E—fie ld of the TE modes .• mn

A network synthesis desi gn procedure is used to develop these filters . The low—

frequency normalized Si
g

h va lues are calculated first . These are then used to construct the

admittance matrix for the network .

Using the admittance matrix requires that the equiva lent impedance matrix be ca l-

culated wit h odd— and even—mod e propagation assumed . Finally, these odd— and even-mode

impedances are related to the phys ica l dimensions required to produce the filter .

• For this particular fi lter, the networ k synthesis procedure described above was

followed for a lowpass prototype having:

• Number of Poles 15

Passband Ri pp le = 0.10dB

-l From the normalized lowpass prototype “g” values , the admittance matrix and

then the impedance matrix were calculated for:

Bandwidth W = 8 percent

= 50 ohms

Y = 1/50 0.020
0

Having gone through all of the matrix manipulat ions , the necessary odd— and even—

mode impedances were determined . It then remained to relate these impedance values to a suit-

able physical geometry . Based on a substrate thickness of 0.050 inches , a geometry was obtained

which is shown in Fi gure 2.3—5.

The resulting filter was constructed , and the resulting amplitude response is shown

in Figure 2.3—6 . Refer to 2.13 .2 for the detailed desi gn discussion .

I
2-71

I

Iii’-’ - 

~~~~~~~~~~~ 
- 

~~~~~~ 
• -  I • - • -,- - ,“• -.. ‘• -~ 



-- ~~~~~~~~tEfli~~~ - a - . .•~F$ ~• - - .—- - • -

I

I

L~~~~Ii~~~J.0875

.0875
L~~~~~II]

.0875

[050 I
• 0875
L~~~

i—J
- • ,  .

~ • - / IL 0 . 705 IN . T - 1 3 7  .0875
~ ‘~~ C-~~~ / ~~~~ IN . A N f l  IL= • 4~~~~IN 0-L ~ 5 _________

.0875
l- °~° 

—1
0875

_

_

.0875

.0875

_ _ _ _ _

- 0875

.070

L049 •04~ 5]

Fi gure 2.3—5. 15—Element Filter Geometry

2—72

__________ ~~~~~~~~~~~~~ ~~-~~~~~~~~~~~~~~~~~-~~~— —- - - --
~~~~~~~~~~



I

• ~~~~~ . ~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~ I •~ ~~~~~~~~~~~~~~~~~~~~

- - -

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

~~~~~

-— 

~~~~~~~~~~

+- ——

I )  a~ / j  0
I !~~~~ ~~S

~~~~~~~~~~~~~~~~~~~~ 
k—-- - 

~~~~~~~~~~~~~~~~~ 
___ - °. ~~

I =
_ _ _ _ _  ___  ‘ 1  

U-

_ _ L

_ _ _  _ _ _ _ _  _ •

9P SSO1

2—73

- — - - -  - - ~ ~~~~~~~~ ~~~— • 
• -

~~ ~t: I - ~~~- ~ - - - - ‘

- - .- ---.•—.~~-- — - --~~~- - - .—- --- -
• • • - • - -.— - -



j~~~~, ~~~~~~~~~~~~~~~~~~~~~~ 
• ;  ~ 1 7  I •~~ 

- . -.- .  - -

-• ,~~~~~ • - • - ,_ ,
~
g
~~~~~~~~r _ . • -- -

~~~~~~~~~~~
_ -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ : -. •- - • . • •

2 .3 .3 X—Band/700 MHz Downconverter and 700 MHz/X—Ba nd Upconverter Test Res ults

When the program direction was changed to sing le—aperture operation , three
downconverter and t hree upconverter modules became residual spares . These were acceptance-
tested separate ly from the converter drawers . Since extensive performance data were obtained

on these units , a samp le is present-ed herein , for one each of the up- and dow nconverter  modules .

Arbitrari ly, Seria l Number 2 of each has been selected for presentat ion .

Test setups are not shown but general information pertaining to te st setups is

included in Section 3 of this report . More specific information will be furnished upon request-.

2.3.3.1 Downconverter Test Results

2.3.3.1 .1 Amp litude Flatness

F our photographs were taken , each covering approximate ly a 150 MHz segment of

t he 500 MHz receive band, Fi gures 2 .3—7 through 2.3 — 10. The vertical scale is2dB/c rn, and the
horizonta l scale is 20 MHz/ cm.

2 .3.3.1 .2 Differential Time Delay

Five photograp hs were taken each covering a 125 MHz segment of the 500 MHz

receive band, Fi gures 2 .3—1 1 through 2 . 3— 15.  The vertica l scale i si ns/cm , and the horizonta l

scale is 12 .5 MHz cm.

2 .3.3.1.3 NoiseFi gure

The noise figure was measured at five frequencies across the band . The results
are tu~ ulated below:
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Fi gures 2.3-11 Throug h 2.3-15. Downconverter DiF ferenti al Time Delay

WIL
Figure 2 . 3 — 1 1  Fi gure 2 .3— 12

Fi gure 2 .3—1 3 F igure 2.3—14

~~~~~ ~~~~~~~~~~ 87924-40

Fi gure 2.3—15
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Noise Fi gure
I LO Frequency Receive Frequency Measured Corrected *

(MHz) (MHz) (dB) (dB)

6550 7250 11.5 10.5

6675 7375 11.6 10.6

6800 7500 11.5 10.5

6925 7625 11.7 10.7

7050 7750 12.3 11 .3

2.3.3.2 Upconverter Test Results

2 .3.3 .2.1 Amp litude Flatness

Four photograp hs were taken , each cover ing approximatel y a 125 MHz segment of

the 500 MHz transmit bond, Fi gures 2 .3— 16 through 2.3— 19. The vertica l scale is 2dB/c m, and the

horizontal scale is 20 MHz/cm.

2 .3.3.2.2 Differentia l Time Delay

Five photographs were taken , each cover ing a 125 MHz segment of the 500 MHz

transmit band , Fi gures 2.3—20 through 2.3—24. The vertical scale is 1 ns/cm, and the horizontal

scale is 12 .5 MHz. cm.

k Corrected for 1 .0 dB insertion loss of filter placed between noise source and downconverter
input .
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2 .4 5 MHz Oscil lator

The 5 MHz oscillator is the f1 eque~scy staisd~i J $tM the ~~ t ii C ~y~tr’tn . It 
~ ~~

a reference for all of local oscil lator si gna ls listed below :

1 . Upconverter synthesizer

2. Downconverter synthesizer

3. 630 MHz fixed—frequency multip lier

The standard , located in the downconverter drawer, is patched to the upconverter through cables

at the rear of the drawers .

The 5 MHz standard was purchased . It is Hewlett—Packard Model 10543A , and it

satisfies the following specificat ions:

1 . Frequency: 5 MHz

2 . Output voltage : I V ±1O% rms

3. Impedance: 50 ohms

4. Stabilit y : < .5 x  10 10
/day

<l .5x 10 7
/year

5. Tempera ture , -55°C
0 -9

to +71 C: < 5 x l O

6. Warmup 30 minutes

7. SSB phase noise ratio: 120 dB at 10 Hz offset (1 Hz BW)

8 . Frequency adjustment: >5x

2.5 VHF Synthesizer

In order to provide a tunable , stable local oscillator signal for the X—band/

4 700 MHz downconverter and the 700 MHzA-band upcon verter , a VHF synthesizer IS emp loyed.

The synthesizer must cover the Frequency range of 131 to 141 MHz for the receiver and 144 to

154 MHz for the transmitter in 10 kHz steps so that a 500 kHz step capability is ac hieved at
X —ba rid after multi p lication by 50 .
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The synthesizer , as shown ‘s Fi gure 2.5- 1 , is functiona ll y organized into th ree

loops. The coarse 1oop tunes 80-142 MHz in 2 MHz steps; the fine loop tunes 10—12 MHz in

10 kHz steps . A summing loop combines the two giving on output tuning 90— 154 MHz in 1C kbz

steps . The coarse and fi ne loops are fabricated on three printed circuit cards each; the summing

loop has two. In addition, there is a 5 MHz distribution amp lifier printed circuit card for dis-

tri buting the system standard to the coarse and fine loops .

The technique used in this synthesizer for generating coarse and fine loop si gna ls

is indirect synthesis . Referring to Fi gure 2.5—2 , the output of a voltage-controlled oscillator at

frequency rout prov ides the output si gna l and also feeds a variable—ratio divider , ± N, giv ing

an output with a frequency of f / N . This is phase-compared with a reference frequency

= 
~~~~

— , obtained by Frequency dividing the output of a standard oscillator with the reference

div ider , 5- R. The error si gna l obtained is used to con trol the VCO after fi l tering to establish

desired loop parameters . In the locked condition,

F f
out s
N R r

or

F = N x f
out r

Thus, the output frequency is an integra l multi p le , N, of the reference frequency 
~r

•

The si gna ls from the coarse and fine loop are phase— locked in the summing loop

and the error si gnal developed is used to control a VCO which is amp lified and leveled to give

the synthesizer output.

As discussed previousl y, the synthesizer is organized into a coarse loop, a fine

loop and a summing loop . As shown in Figure 2 .5—3 , the coarse and fine loops each have an RF

card, on ana lo~, car d and a program divider card . The summing loop has an RF card and an

ana log card . Additionall y, there is a 5 MHz distribution amplifier to supply the station

standard si gna l to the coarse and fine loops . The desi gns of the individual cards are discussed

in the following paragraphs.
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Figure 2.5—1.  Synthesizer Functional Block Diagram
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2.5.1 Summing Loop RF Card

The summing loop RF card accepts a control si gna l from the summing loop analog

card which is used to tune a VCO. The VCO output is passed throug h a variable attenuator ,

a lowposs filter , and a buffer amp lifi er, then sp lit by a 3—dB hybrid. One outpu t is amp lified

for use on the coarse loop RF card ; the other is amp l i t ied and passes through an automatic qain

control detector before going to J7 as the synthesizer output. The AGC detector output is

amp lified and used to control the variable attenuator previousl y mentioned .

2.5.2 Summing Loop Analog Card

The summing loop analog card has two functions . Irs addition to performing a

phase comparison be tween 10 MHz outputs of the coarse and fine loops to derive an error si gna l

for VCO control , :t makes amp litude comparisons for determination of phase—loc k.

A 10 MHz signal from the fine loop RF card is compared irs the phase detector

with a reference si gnal from a power divider which obtains its input from the coarse loop RF

card. The error si gnal is lowposs Filtered , passed through the loop fi l ter and is used to cors iro l
• the VCO or the summing loop RF card .

A 10 MHz si gna l from the fine loop RF card is compared in a detector with a

re ference si gna l from the power divider . A level detector senses out—o f—lock condition and

gives out—of—lock indication in addition to switchin g in the sweep generator and integrator

• combined in the loop fi l ter previousl y mentioned . When lock is obtained, the sweep si gna l is

removed.

2.5.3 Coarse Loop RF Card

The coarse loop RF card uses an error si gna l from the coarse loop analog card to

contro l a VCO tuning 80 to 142 MHz. A power divider sp lits the VCO output for use on the

program divider card , and an amp lifier string boosts the output si gnal and provides isolation

for feeding a mixer , the other input of which is the summing loop RF card output tuning 90 to

154 MHz . The resulting 10 MHz product is Filtered and amp lified to feed the power divider

on the summing loop analog card .
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2 .5. 4 Coarse Loop Analog Card

The coarse loop analog card compares the phases of two 0.5 MHz si gna ls from

the coarse loop divider card and generates an error si gnal which is lowpass Filtered and processed

by th e l oop fi l ters to establish loop parameters and sent to the coarse loop RF card for control of

the coarse loop VCO. If the level detector connected to the program divider detects loss of

lock , a sweep generator is enabled to obtain lock .

2.5.5 Coarse Loop Divider Card

The coarse loop divider card frequency divides the 5 MHz reference by 10 to get

~ke C . S MHz reference for the coarse loop analog card . The pro~-’ .am divider divides P~e fre-

quency of the VCO dow n to 0.5 MHz and gives an out-of-lock ind ication when necessary to

start  the swe ep.

2 . 5 . 6 Fine Loop RF Card

The fine loop RF card has two outputs at 10-12 MHz and one at 40-48 MHz . The

40—48 MHz for the program si gnal is obtai ned by sp litting the output of the VCO. The other VCO

output feeds a Johnson counter -+- 4 circuit to give a 10—12 MHz si gnal which is sp I i~ and buf-

fered For use in the summing loop analog card . The f i l ter for establishmen t of loop parameters

• is included on the RF card .

2 .5 .7 Fine Loop Analog Card

The fine loop analog card has a phase detector for comparison of a 40 kHz

re ference si gnal wi th a 40 kHz si gnal from i-he program divider . The resultant error si gna l IS

• owpass f~t ‘ered before passing to the fine loop RF card .

2.5.8 F in e Loop Divider Card

The fine loop divider card has a programmable divider for freqLPr~c~

fine loop V CO output and a reference divider (5- 125) for ob taining a 4~ k — i  -
~~~~~~~

from the 5 MHz standard .
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2.5.9 5 MHz Distribution AmpUfier

The 5 MHz standard input is split , with one arm going through a buffer to on

output jack . The remaining arm is buffered and split again for use in the coarse and Fine loop

re ference dividers .

2 .6 Programmir~g Circuit

The thumbwheel sw itch on the front panel indicates the incoming X—band frequency

to the converter . The synthesizer requires a BCD code which corresponds to its output frequency

of 131 to 141 MHz and 144 to 154 MHz . Therefore , a c ircuit containing programmable memor ies

s required to change the code from the thumbwheel switch to one which will correctl y command

the synthesizer .

The programming card is a command—and—control logic circuit containing three

Harris Semiconductor 8256 programmable memory dual-in-line packages (DIPs).

2. 7 L—Band Agile Oscillator

In order to multi ply the VHF synthesizer frequency up to a value which, when

subsequently multi plied by 5 wi l l  give the proper loca l oscillator frequency, an L—band oscillator

is emp loyed . The oscillator must be able to frequency track the VHF signal which is injected into

it and provi de an effective X10 frequency multip lication .

The L-bond agile oscillator was purchased from Engelmann Microwave Company,

Mode l Numbers FA-A17 and FA-A18. The oscillator specifi cations are listed below:

1 . Input frequency: 131 to 141 MHz (D/C)

144 to 154 MHz (U/C)

j 2. Output frequency : 1310 to 1410 MHz (D/C)

1440 to 1540 MHz (U/C)

3. Input impedance: 50ohms (both)

4. Output impedance: 50 ohms (both)

5. Output power: +23 dBm (both)
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Since the oscillator is injection—locked to the synthesizer and provides a 10— 1
frequency multi plication , its output is coherent with the 5 MHz standard . The output of the
L-bond source feeds the appropriate X5 multiplier through on attenuator for isolation.

2.8 X5 Multiplier

In order to obtain a loca l oscillator output frequency 700 MHz below the receive
frequency of 7250 to 7750 MHz in the receiver or 700 MHz below the transmit frequency of
7900 to 8400 MHz, X5 frequency multi pliers are employed . An input frequency of 1310 to
1410 MHz or 1440 to 1540 MHz must be translated to a band between 6550 to 7050 MHz or

7200 to 7700 MHz .

The X5 multi p lier was purchased from Engelmann Microwave Company, Model
No. MX-A-4 and MX-A-5. The multi plier specifications are listed below:

L Input frequency: 1310 to 1410 MHz (D/C)

1440 to 1540 MHz (U/C)

2. Output frequency : 6550 to 7050 MHz (D/C)

7200 to 7700 MHz (U/C)

3. Input impedance: 50ohms (both)

4. Output impedance: 50 ohms (both)

5. Input power : +3 dBm (both)

6. Output pow er : +13 dBm (both)

The output of the multiplier at the local oscillator frequency passes through an

attenuator to the X-band/700 MHz up- or downconverter. The attenuator provides isolation
between the multi plier and the converter .

2.9 Power Supp lies

To allow the converter drawers to be self—sufficient except for ac power, they

require interna l pow er supp lies. Six separate dc voltages ore employed in the downconverter
drawer and five in the upconverter .
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Very compact power supplies are required in order to keep the size and weight

of the drawers too minimum . Acopian was ‘elected as the power supply vendor primaril y on the

basis of the compactness of their modular units. Each unit is epoxy-encapsulated and occupies

no more than 10 cubic inches.

Table 2.9 lists the power supplies and shows how many are used in each drawer .

Table 2.9. Converter Power Supplies

Number UsedCurrent RegulationVoitage Rating Downconverter Upcon ver ter
Model (vdc) (mA) Load Line Drawer Drawer

5E100 -5.2 1000 0.2% 0.05% 1 1

5E150 +5.0 1500 0.3% 0. 1% 1 1

15E020 -15.0 200 0. 1% 0. 1% 1 1

15E060 +15.0 600 0.1% 0.1% 1 1

20E040 +20.0 400 0. 1% 0.1”/c 1 1

24E010 ÷24.0 100 0.1% 0.1% - 1

24E035 +24.0 350 0.1% 0.1% 1 1

2.10 Out—of—Lock Circuit Card

The proper operation of each of the converter drawers depend on the functioning

of the two phase—lock loops therein. The VHF synthesizer relies on the 5 MHz standard for its

phase-lock and the L—band agile oscillator on the synthesizer output. Should either or both

drop lock for some reason, it would be of aid to the operator to be able to observe this with a

li ght on the front panel.

The li ght on the front panel labeled “out—o f—lock” illuminates when either the

synthesizer or the L—band oscillator or both lose phase—lock.

The out—of—lock sensing circuit uses NOR logic to illuminate the li ght when

either a logic zero from the synthesizer or a sweep voltage from the oscillator is present at the

input. Since the Engelmann oscillator produces a sweep voltage in the unlocked condition,
alternating highs and lows are produced at the NOR gate logic output, thereby causing the
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out—of— lock light to blink . The synthesizer out-of—lock voltage causes a steady illumination
of the light.

2 . 11 630 MHz Filter

The mixer in the 70/700 MHz combiner upconverter produces 560 and 700 MHz
mixing products. Due to imperfections in the mixer , a small amount of these 560 and 700 MHz
signals appear at the local oscillator port of the mixer and are coupled to the FFM module,
through the FFM 3—way power divider , to the local oscillator port of the 700/70 MHz down-
converter mixer. Imperfect balance in that mixer then can permit these signals to be translated
to 70 MHz, producing interference .

This possibility was considered in the initial design but it was concluded that the
combined isolation of the two mixers and the 3—way power divider would be high enough so that
the interference would be insi gnificant. T hus, no provisions were made for additiona l isolation .
When the equipment was built and tested, however, it was found that the 560 and 700 MHz leak-
age on the 630 MHz line, particularly 560 MHz, were large enough to cause potential interfer-
ence problems . The main cause of the problem was poor isolation in the 3—way power divider
due to high out—of-band source VSWR .

To prevent leakage al 560 and 700 MHz from escaping from the combiner upcon-
verter, a 630 MHz bandpass filter was added in the upconverter local oscillator line. This fi lter
is of str ipline interd igita l design and is fabricated on duroid material. It has four poles and
4 percent bandwidth, It is similar to the 630 MHz filter emp loyed in the FFM.

2.12 Equalization Network

The performance of the up— and downconverters relies heavily on the end-to-end
amplitude and group delay flatness, It is Sometimes necessary to compensate for amplitude and
delay variations in an integrated system . Although the upconverter required no cOmpensation
in its final form, the downconverter frequency response dictated the use of an equalizer to corn-
pensate for a gain slope in its passband due to amplifier rolloff .
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The equaUzation network consists of a two—stub tuner with the 50—ohm shunt
element ’s electr ical length being adjustable with a variable capacitor to ground. The series
element consists of a specific length of RG—223 cable. A schematic diagram is shown in

Figure 2.12. Test results indicated that a 3—dB slope w~s equalized to within ±0.5 dB.
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Figure 2. 12. 700 MHz Gain Equalization Networ k
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2.13 SHF Filter Network Designs

One of the program objectives was to determine the extent to which microwave

t hin—fi lm fi lter networks might be ut ilized. Three filter requirements in the system, the transmi t

and receive filter networks and the local oscillator band—Vmitjng filters, were selected as ideal

candidates to use for thin— film Filter network designs.

2, 13.1 Local Oscillator Filters

The local oscillator signal is developed in this system as an 1—band oscillator sig-

nal , which is phase locked to the VHF synthesizer. This 1—band signal is then multiplied by Four

to derive the required injection frequency.

A bandpass Filter is required in the local oscfllator line to select the fourth harmonic

of the multi pl ication and reject the third and fifth harmonics .

Two filter designs were computed for the local oscillator bands: the receive local

osc illator si gnal (6550—7050 MHz) and the transmit local oscillator signal (7200—7700 MHz).

The number of resonators required in the design for the receive band filter was

computed by setting the 60—dB bandwidth equal to the spacing of the third and fifth harmonic

lines (2900 MHz) and the design nominal 0.5—dB bandwidth equal to 700 MHz. This skirt—to—nose
• ratio of 4.143 corresponds to a filter network with Five resonators. A similar analysis of the trons—

mit band filter requirements provides a 60—dB bandwidth of 3225 MHz and a 0.5—dB bandwidth of

• 700 MHz, or a skirt—to-nose ratio of 4.607, which again corresponds to ’. five—resonator filter

network .

A low-frequency prototype network of Five poles and 0.1 dB ri pple was selected as

the design baseline. Using standard synthesis techniques,
1 the admittance matrix J0/V0 was

calculated From the prototype “g ’ values. These values were then used to compute the odd and

even mode impedances for coup led lines , assuming a homogeneous distribution of the dielectric

medium .

Jones, Matthaei , Young; “Mkrowave Filters, Impedance Motch ng Networks and Coupling
Structures , 1964.
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Several design configurations are theoretically Feasible in a thin—film hybrid struc-
ture, and the choice involves a number of trade—offs . A careful examination of the candidates

disclosed that the parallel—line—coup led array type has the advantage that no short circuits are

required in the network. It also has the advantage that it may be constructed in a narrow walled
enclosure, which is a waveguide beyond cutoff; therefore, the mult imodal responses of the net—

work are readily attenuated.

It now remained to convert the required odd and even mode impedance values to the
line widths and resonator spacings which are equivalent to the design values desired.

This design calculation was obtained by using a Univac 1108 computer to do a

point—by—point matching against an assumed solution of the voltage gradient in the space between

the conductors and the housing walls . The software programs used were obtained From
Dr. Jerald A . Weiss , Staff Consultant at MIT Laboratories , in a private communication dated
9 November 1972. Dr. Weiss ’s program, MSTRIP, was used to obtain Famil y graphs of the W/H
and S/H functions .

A graphical solution was interpolated from these plots and the resulting dimensions

converted into fi lter network artwork masks.

The First group of filters designed were implemented on an alumina oxide substrate of
0.25 rnil thickness , wit h a metallization of 150 Angstroms of chromium and 2500 Angstroms of
gold. T his substrate was then electroplated to 500 microinches of gold pr ior to etching the Filters.

• T hese Filters proved quite difficu lt to control due to the small gap (0.0045 inch) in the input and
output circuit impedance inverter sections.

The Fi lters were redesigned on an alumina substrate thickness of 50 mils which allows
this gap to be increased to 0.0090 inch .

Figure 2. 13—1 shows the test fixture used to characterize these filters.

The Fina l version oF each Filter provides a flat loss in—band of 1 dB and rejection to

the adjacent undesired harmonics of 45 dB. This performance is quite satisfactory For these filter

networks.
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2.13.2 Transmi t and Receive Filters

$ The band—limiting required in SHF transmit and receive lines has been traditionally
provided with various waveguide filter networks because of the low losses obtainable with wave—

guide resonators. The filter requirements For this terminal were First examined in terms of wave—
guide Filter networks. But, because of the need for minimum size, other types oF filter construc-
t ion were also investigated. Among the other techniques examined are comb—line construction,
balanced stripline on duroid, and thin—film microstri p on alumina, all of which offer the

potent ial of smaller size than waveguide .

The First Filter designs calculated were oF waveguide construction . A conventional

synthes is techn ique was used, and the computations were iterated with a Univac 1108. Twenty-
eight separate detailed analyses were completed, for various bandwidths and numbers of resonators
ranging from 10 through 15. These computed results were then available as a guideline of the
performance that waveguide Filters could prov ide.

A series of combline filters were computed using E. G. Cristal’ s work .2 None of

these filter networks, however , proved useful. The manufacturing tolerances which were obtained
in the center—to—center spacing of the resonator elements were inadequate to satisfactoril y control
the adjacent element coupling coefficients. The breadboard filter networks were adjusted within

reasonable per formance limits using multi ple tuning screws and various mechanical modifications

of the resonator spacings . T he filter flat loss was found excessive (3.5 dB typical), and the

desi gns mult imoded quite badly. In summary, the combflne microwave f ilter networks were

totally unsat isfactory.

A series of seven distinct desi gns was computed next in a balanced stripline construc-

t ion. A homogeneous dielectric loading al an Er = 2.12 was used in these designs . To minimize

the insertion loss, a 2—ounce rolled copper material was used in these Filters.

2 E. G. Crista l, “Coupled Circular Cy lindrical Reds Between Parallel Ground Planes ,” IEE E-MIT,
July 1964.
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T he design difficu lty associated with the very small gap of the input and output
impedance inverters was prevented using J. Mosko’s tec hnique3 of a lternate series—made impe—
dance inverters. T hese filters generally performed poorly, wit h in—band flat losses ranging from
1 .7 to 3.7 dB. The most undesirable quality observed was that a stagger—tuning occurred in all

the designs, even though a compensation had been included for the expected value of the fringing
fields. This stagger—tuning resulted in an unacceptable level of in—band dpple, ranging from

±0.50 dB up to ±2.00 dB. It is believed that the dimensional control of the circuits causes some
problem, and the physical assembl y tolerances in the package probably cause the resonator

detuning.

A Final alternate design of the transmit and receive filter networks was computed for
an alumina oxide thin—Film construction .

The design techniques fol lowed the synthesis procedure outlined in detail in
Paragraph 2.13. 1 on the local oscillator filters. I’

Two prototype designs were computed, one w ith 15 elements, 8 percent bandwidth

and 0.10 dB ripple, and the same design with 0.20 dB ripple. The physical realization of these

filter networks was first realized with a substrate thickness of 25 mils . As one would expect , the

etching control of the input and output impedance inverter gaps was a difficult problem.

These filters were remanufactured with a 50—mi l substrate which eliminated the prob—

1cm in the narrow line spacings. These thin—film substrate Filter networks were extensivel y eval-

uated in their electrical performance.

The electrical performance testing identified the need to develop a network compen-
sation system to correct for end effects in the transformers on the input and output sections oF the
filters. With the incorporation of this network, the in—band ripple of 0.90 dB peak—to—peak was

success fully reduced to 0.20 dB peak—to—peak . A flat loss in—band of 2 to 2.5 dB was found to be
typical for 15 elements.

J. A. Mosko, “Design Technique of UHF Stri pline Filters .” NAVWEPS Report 8677, NOTS
tp 3731; AD 616995.
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These Filters demonstrated a good skirt—to—nose ratio , the ratio of the 45—dB band-

width to the 10—dB bandwidth being 1 .085, wh ich is very close to the theoretical value.

It was noted in t he evaluation of these filter designs that the physica l height oF the

cover oF the box, from the sur face of the ceramic , had a fi rst—order efFect on the placement of the

f lter networks center Frequency. Interesting ly enough, though one would expect this type of

behavior in general , it was surprising that this moving around of the f ilter networks ’ center Fre-

quency was not accompanied by any noticeable stagger—tuning of the individual resonators . Some

value could conceivabl y be obtained by using the cover position as a fine tuning adjustment.

Figure 2. 13—2 shows the test fixture used for evaluation of these l5—pole fi lters.

The final design of the Filter used in the 700 MHz/X—band upconverter module is mounted in the

fixture. The two—e lement “ L—networks ” used to compensate the launcher transformers can be seen

at the input and output points on this fflter . The final electrical adjust ment of the shunt element

in this network was made with a diamond scribe under a 30—power microscope.

Though the alumina oxide thin—film filters were found to be generall y sat isfactory

and potentia lly manuFactura ble — superior to the combline and stri pline filters — they are not

adequate for low—loss applications as in a receiver input or a transmitter output . (Note that the

15—pole prototype Fi lters had in-band losses of 2 to 2.5 dB.)

The fundamenta l limitation is unloaded Q, which is limited to somewhat less than

1,000 in alumina oxide construction . On the other hand, unloaded Q’ s on the order of 12,000

are quite practical with waveguide resonators , yielding passband and losses of a small fraction of

a dB. Therefore , the waveguide filter wi l l  remain the onl y serious candidate for very critical

low—loss applications , and the ceramic thin—Film Filter — for all its advantages — will be useful

only w here a relativel y high possband loss can be tolerated.

I
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2. 14 F inal Physical Configuration

The subsystem hardware elements developed on this program are shown with their

covers removed . The listing below indicates the figure numbers for these hardware modules .

Figure 2.14— 1 Downconverter Modules

Figure 2.14—2 Upconverter Modules

Figure 2.14— 3 Fixed Frequency Multiplier

Figure 2.14— 4 VHF Synthesizer Module

The final hardware configurat ion provides these subsystem hardware elements
integrated into standard rack—mountable units . These converters are shown in Figures 2. 14—5
and 2 .14-6.
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BALANCE D MIXER IF AMPLIFIER

INPUT __
_________

7250/775o~~~~~~~
j

~~~~~

1

~~~~~~~~ 

~~~~~~~~~~~~~~

MICROSTRIP CIRC ULATORS NOISE FIGURE 700 MHz
MATCHINIG NETWORK OUTPUT

/ 700 MHz TDMA OUTPUT

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

OSC

~ f
~ : 70 MHz OUTPUT

POWER AD DER~~~~ ..: ~~~~~~ :~ 8775 7-3

Figure 2.14— 1.  Downconverter Modules
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LOCAL OSC

INPUT

_ _ _

700 MHz
7900-8400 MHz OUTPUT INPUT

TO LOWER SIDE

• . • • S S S S S S S S

•

S

700 MHz . • a • • a • a

OUTPUTS

• . • • a
S • • • -

LOCAL OSC ~
INPUT l

630 MHz S • • S • S

70 MHz INPUT 700 MHz INPUT 
877 5/ ~~ A

Figure 2.14 — 2. Upconver ter Modules
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Figure 2.14 — 3. Fixed Frequency Multiplier
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Figure 2. 14 —4. VHF Synthesizer Module
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Figure 2.14—5. Downconverter
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DATA SHEET

DUA L CONVERSION DOWNCONVERTER

Descri ption

This rack—mountable configura tion incorporates a VHF synthesizer , LO multiplier
cha in, 5 MHz frequency standard, 5/630 MHz fixed frequency multi plier (FFM), and the
X- band/700 MHz and 700/70 MHz modules to provide a complete ly sel f-con tained drawer ,
ready for system integration . The desired X—band input frequency is set in on the thumb—
wheel sw itches which read out di rectl y in the 7.25 to 7.75 GHz range . The synthesizer—
10 chain is frequency agile , requiring no manua l tuning .

Performance: Performance:

Input 7.25 to 7.75 GHz , —41 dBm, Channel 500 KHz
Frequency : maximum Spacing :

Instantaneous 40 MHz to the 70 MHz out- Signa l 70 MHz and 700 MHz,
BW: put; 125 MHz to the 700 MHz Outputs: -5 dBm max imum to system

output demodulators

Noise Figure : 15 dB maximum Reference 5 MHz and 630 MHz, to
Outputs : companion up-converter
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~~

---

• .
-

~~~~~~~~

•

~~i

•t-

i ±±-
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E~H1HIH ILl:.
Fi gure 2. 14-6 . Upconverter
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3.0 TEST RESULTS

Test data on individual circuits and modules were presented in the Developmenta l
Approach, the preceding section oF this report . Those data, of course, do not describe the
end-to-end performance of the converter drawers in their final configurat ions .

Th is section presents the results of top—leve l tests that were conducted after assembly
of the drawers. These are tests that give a true indication of the performance to be expected

in actua l satellite ground terminal use. The tests on the upconverter drawer are given first,
followed by the tests on the downconverter drawer. Then, data are presented on the two con-
verter frequency synthesizers . Finally, simulated link tests with P5K modems are described.

3.1 ~pconverter Tests

The upconverter drawer tests consisted of measurement of amplitude flatness and

differentia l time delay, from the 70 MHz input to the X—band output.

3.1.1 Amplitude Flatness

The amp litude flatness test consisted of applying a swept signal of greater than
40 MHz bandwidth at the 70 MHz input and measuring the X-band output level. To cover the
full 500 MHz instantaneous RF bandwidth, 13 separate measurements were made, each at separate
second local oscillator frequencies 40 MHz apart .

An HP86O1A sweep generator was used to generate the input signal. The output
was observed onan HP8555A/85526/141T spectrum analyzer . Both the 630 MHz first local
osc illator and the 5 MHz standard input to the synthesizer were supplied from the downconverter
drawer in the norma l operating configuration.

Figure 3.1 -1 shows the 70 MHz swept input signal as observed on the spectrum
analyzer. Its amplitude appears to have about a 0.5 dB peak-to-peak variation over the center

~20 MHz, with the maximum occurring between 70 and 80 MHz.

Figures 3.1 -2a through 3. 1 -2m show the X-band output as observed on the spectrum
analyzer. The horizonta l and vertical scales are 10 MHz/cm and 2 dB/cm, respective ly. All
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I Figure 3. 1—2 . Upconverter Amp litude Flatness (Continued)
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responses are of similar shape, with ro lloff beyond the ±20 MHz center-portion due to the

• filtering in the 700 MHz IF and the response of the 70 MHz IF. The worst-case amp litude vari-

ation over the center ±20 MHz is about 1.2 dB peak —to—peak .

3.1 .2 Differential Time Delay

The differential time delay test consisted of applying a modulated swept si gnal

of 40 MHz bandwidth at the 70 MHz input and measuring the modulation delay at the X-band

output . To cover the full 500 MHz instantaneous RF bandwidth, 13 separate measurements were

made, each at separate second local oscillator frequencies 40 MHz apart.

A HP8O61A sweep generator was used to generate the input RF signal. Modula-

tion, demodulation and measurement were performed with a Rantec FT-300 time delay test set

and accessories , and the delay was displayed on a Tektronix 547 oscilloscope . Both the 630

MHz first local oscillator and the 5 MHz standard input to the synthesizer were supplied from

the downconverter drawer in the standard confi guration .

Figure 3.1—3 shows the reference delay variation, about 1 .4 ns peak-to—peak

over ±20 MHz.

Figures 3. 1—4a through 3 .I-4m show the overall converter differential delay.

The horizontal and vertical scales are 5 MHz/cm and 1 ns/cm, respective ly. A ll 13 responses

are quite simi lar , with the greatest delay being at the lowest frequency and being off-scale

at that point on some of the photographs. Allowing for the reference delay variation, the actua l

converter differential time delay is about 6 ns peak-to-peak.

The delay variation in the converter originates main ly in the 700 MHz IF. The

ripple is primarily due to the 700 MHz bandpass filter , and the steep slope at the low band

edge i~ caused by the elliptic-function h ghpass fi lter used to attenuate the 630 MHz leakage

from the first mixer.
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Figure 3.1—4 . Upconverter Differential Time Delay (Continued)
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Fi gure 3. 1—4 . Upconverter Differential Time Delay (Continued)
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3.2 Downconverter Tests

The downconverter drawer tests consisted of measurement of amplitude flatness ,

differentia l time delay and noise figure, from the X-band input to the 70 MHz output.

3.2.1 Amplitude Flatness

The amplitude flatness test consisted of applying a swept signal of greater than

40 MHz bandwidth at the X-band input and measuring the 70 MHz output level . To cover the

full 500 MHz RF bandwidth, 13 separate measurements were made, each at separate local

oscillator frequencies 40 MHz apart.

An HP8690B/8693B sweep generator was used to generate the input signal. The

output ~~s observed on an HP8555A/8552B/141 T spectrum analyzer.

Figures 3.2-la through 3.2—i m show the 70 MHz output as observed on the spec-

trum analyzer. The horizonta l scale is 10 MHz/cm, and the vertical scale is 2 dB/cm. The

amplitude response is essentially the same in all cases, with a peak in the vicinity of 70 MHz

and less than 1 dB peak—to-peak variation over the center ±20 MHz.

3.2.2 Differential Time Delay

The differential time delay test consisted of applying a modulated swept signal

• of 40 MHz bandwidth at the X-band input and measuring the modulation delay at the 70 MHz

output. To cover the full 500 MHz RF bandwidth, 13 separate measurements were made, each

at separate second local oscillator frequencies 40 MHz apart.

A HP8690B/8693B sweep generator was used to generate the input RF signal.

Modulation, demodulation and measurement were performed with a Rantec ET-300 time delay

test set and accessories , and the delay was displayed on a Tektronix 547 oscilloscope.

Figure 3.2-2 shows the reference delay variation, and Figures 3.2—3a through

3.2—3m show the overall converter differential delay . The horizontal and vertical scales are

4 MHz/cm and 1 ns/cm, respective ly. A ll 13 responses are essentially the same, with about

4 ns peak —to—peak differential delay over the 40 MHz bandwidth.
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Figure 3 .2—1.  Downconverter Amplitude Flatness
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Figure 3.2—1.  Downconverter Amp litude Flatness (Continued~

~~~~~~~~~~ _ _ _
.
‘~~~~~ 

_ _ _ _ _ _ _ _

Fi gure 3. 2—le Figure 3.2-if

~~~~~~~~~~~~~~~~~~~~ _
— . 

— - -

~~

. 
_ _ _ _

Fi gure 3 .2—1 9 Figure 3. 2— l h

H 
_

- I •
~7~ 

87924-54

_ _ _ _ _ _ _ _ _ _ _ _  3- 12

I 
-

~~~~~~~~ --
Fi gure 3. 2—l i

I ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ L 1~~~~~~~
-
~~I. ~. 11I1~~ TT~~-



I
Figure 3.2—1.  Downconverter Amp litude Flatness (Continued)
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Fi gure 3. 2—2 . ReFerence Delay Variation
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The response is determined mainly by the bandposs filtering in the 700 MHz IF

and the Iowpass filtering in the 70 MHz IF. The 70 MHz lowpass filter contributes a linear
term of approximately .05 ns/MHz, and the 700 MHz bandpass fi lter produces the symmetrical
(i.e., parabolic and higher even-order) characteristic.

3.2 .3 Noise Figure

The noise figure of the downconverter was measured with the test setup shown in
Figure 3.2—4. Measurements were made at five first local oscillator frequencies, corresponding
to RF input frequencies of 7250, 7375, 7500, 7625 and 7750 MHz. The results are tabulated
below.

Noise Figure
10 Frequency Receive Frequency Measured Corrected*

(MHz) (MHz) (dB) (dB)

6550 7250 16.5 15.5

6675 7375 16.1 15.1

6800 7500 16.0 15.0

6925 7625 16.7 15.7

7050 7750 16.75 15.75

*
Corrected for 1 .0 dB insertion loss of filter placed between noise source and

downconverter input

3.3 Synthesizer Spectral Purity

The spectra l purity of a frequency source is defined by the broadband phase noise
and discrete spurious content of its output . For the downconverter and upconverter frequency
synthesizers, the phase noise was measured by measuring the noise spectral density on a point—
by—point bosis.

A FEL 800B phase noise analyzer followed by a GR 1900-A wove analyzer was
used for the noise measurements. The output of the synthesizer was translated down to the

27.365 MHz input frequency of the phase n&s.e analyzer using a Fluke 6160A frequency

3— 17
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synthesizer for the local oscillator . The downconverter synthesizer was set at 130 MHz for

these measurements, and the upconverter synthesizer was set at 151 MHz.

Figure 3.3 shows plots of the single-sided (i.e., double—sideband) phase noise

power spectra l density for the two synthesizers.

The downconverter synthesizer has much higher low—frequency noise than the
upconverter synthesizer for undetermined reasons. Sharp peaking anomalies in the two plots are
a lso of undetermined origin. It is suspected that these anomalies resulted from external noise

pickup caused by an arc we lder operating in the proximity of the laboratory .

The downconverter synthesizer disp lays a basicall y f lat (except for the two unex-

plained peaks) noise density of about -92 dB/Hz from 260 Hz to 4 kHz, with a slow rolloff

beyond 4 kHz due to the response of the coarse synthesizer loop and the multiplied coarse loop
reference noise. The upconverter synthesizer noise spectrum is similarl y shaped but 2-5 dB
higher due to the higher noise multiplication factor and about 2 dB of peaking in the coarse
loop response.

Discrete spurious outputs are not shown in Figure 3.3. Sidebands appear at ±40
kHz from the carrier , due to the fine synthesizer loop, at levels of —70 to -62 dB (-60 dB speci-
fication limit) . A lso, sidebands appear at multiples of the 60 Hz line frequency.

The contractual objectives for spectr a l purity were met , but it was discovered

that excessive performance degradation was encountered w hen the equipment was used For P5K ,
as opposed to FM/FDMA - communication . After delivery of the equipment to USAS ATCOMA,

it was loaned back to Radiation so that the causes could be determined and corrective action
could be taken .

It was found that some circuits in the converter drawers were especially susceptible
to hum, whatever its origin. The most sensitive circuits were in the synthesizers. Circuit mod—
fications were made , in the form of adding improved valtage and/or current regulation locally

at critica l points in the synthesizers . It was also necessary to magnetically shield some corn-
ponents from the high ambient fields set up by transformers in the power supplies .

At present, work is still in progress to reduce hum sidebands. A supplement will
be issued to this report to cover this work and its results in terms of the performance of the

t.rminol.
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Lin Tests

Simu lated link tests have been and are being conducted on the converters , using
P5K modems and measuring BER (bit error rate) versus 

~b N (ratio of signal power to nOise power
in a bit rate bandwidth). These tests have not been completed as of the deadline for submission
of this report , as modification s are sti ll being made to the equipment to suppress the effects of
the 60 Hz magnetic field.

Rather than include incomplete link test data in this report , an addendum to the
report wi ll be prepared and distributed at the comp letion of testing . This addendum will briefly
descri be the equipment modifications as we ll as providing the link test data and relating the
data to actua l DSCS—ll terminal applications .
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4.0 SUMMARY

This exploratory deve lopment program was established to determine the applicability
of solid—sta te technology to satellite communications systems. In particular , hybrid microwave
integrated c ircuit (HMIC) techniques were to be applied to accomplish a terminal design that
would feature light weight, sma ll size , low prime power consumption and low cost . HMIC fabrica-
tion, using microstrip c ircuits on high dielectric constant substra tes, provides functions which are
inherently small in size and light in weight compared to conventional construction techniques.
The planar geometry permits batch processing by photolithographic techniques and allows conven-
ient access for attachment of discre te components. In addition, HMIC fabrication reduces the
number of interconnections and stabilizes the parasitic circuit elements , yie lding designs which
are predictable and hence reproducible . It is anticipated that these fundamental characteristics
of HMIC c rcuUs will lower the production labor content and, therefore, reduce the production
cost of the finished assembly.

HMIC designs (more specifically, traditiona l microstri p designs) are not suitable
where high unloaded Q is required, or where operating current densities or voltage gradients
wi ll cause overheating or dielectric breakdown. Examp les encountered in the development work
on this program include the 500MHz bandwidth X—band filters preceding the LNA and following
the solid—s tate power amplifier. In both cases , the number of filter poles required to attain the
se lectivity needed ted to excessive loss using microstri p designs. In other areas where low loss
was not as critica l, such as the X—band upconverte r output and in the microwave LO circuits,
microstr ip fi lters were used with very satisfactory results .

The entire deve lopment activity was characterized by a continuing e ffort to provide
the best balance or “mix ” of funct ion, per formance and design approach. Computer—a ided anal-
ys is, synthesis and op timization routines were used extensive ly in the design of all of the micro—
wave microstr ip mixers and filters , and for the 700 MHz IF preamp lifier in the X—band/700 MHz
downconverter module. Diverse interfaces , fabrication techniques and devices, (e.g., micro—
strip, stripline, lumped elements, distr ibuted elements ) were accommodated in order to realize
an overa ll successfu l design which has real potential for low cos t in production.

The single-aperture configurat ion which evolved allowed the program hardware to
be demonstrated operating through the earth coverage mode of the DSCS-ll satellite and through

4-2 

~~~~~~~~~~~~~~~  
•

~~ 

_ _ _ _



- 

on IDCSP satellite . For this configuration, all of the up— and downconverter modules, including
the synthesizers and all power supplies, were packaged in 3—1/2 inch high rack—mountable

drawers . A convenient feature incorporated in these drawers is the direct readout of the desired

X—band operating frequency on the thumbwheel switches. This is accomplished by the use of a

unique programmable arithmetic unit which provides the interface between the thumbwheel

sw itches and the VHF synthesizer .

It is estimated that with further product engineering, the technology utilized in the

fabrication of these converters will permit a 1:1 ratio of mater ial to labor in production. With

the production material bill estimated to be $5,000 or less, a $ 10,000 cost for either converter

is judged a rea lizable goal.

This report has described the development activity and the resulting developmental

hardware, and it includes extensive test data. However, it is incomp lete inasmuch as it does

not present a description of, and data from, simulated link tests which were not a port df this

contract . At the time of the preparation of the report , link testing is sti lt in progress . An

addendum to this report, describing link tests and supplying test data, wi ll be distributed in the

near future.
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